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INVESTIGATION OF A 1*2.7° SWEPTBACK WING MODEL TO 
DETERMINE THE EFFECTS OF T RAILING-EDGE THICKNESS 
ON THE AILERON HINGE-MOMENT AND FLUTTER 
CHARACTERISTICS AT TRANSONIC SPEEDS 
By Robert F. Thompson 


SUMMARY 


An investigation was made in the Langley high-speed 7- by 10-foot 
tunnel of a 1*2.7° sweptback wing model to determine the effects of 
aileron trailing-edge thickness on aileron hinge moments and one-degree- 
of-freedom aileron flutter. The wing had an aspect ratio of 1*.0, a 
taper ratio of 0.5, and was tested over a Mach number range of 0.60 to 
1»175. The half-span, 20-percent-chord ailerons were flat sided and 
located outboard. 

Increasing the trailing-edge thickness shifted the hinge-moment 
parameters C^ and C^^ in a negative direction and eliminated the 

reversal in C^ at supercritical speeds. The aileron having a trailing- 

edge thickness of one half the hinge-line thickness exhibited the least 
tendency to flutter, and flutter of the aileron with trailing-edge 
thickness equal to the hinge— line thickness occurred over a larger 
speed range . 


INTRODUCTION 


It is a fairly common experience with airplanes flown at high 
subsonic speeds, or when new designs are tested in high-speed tunnels, 
to find that a Mach number is reached where severe changes in aileron 
characteristics appear. These changes may appear as flutter, severe 
changes in hinge— moment characteristics, or even reversal of aileron 
effectiveness . 
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In an investigation of the lateral— control characteristics at 
transonic and supersonic speeds of a wing having a circular— arc airfoil 
section and 1*2.7° of sweepback of the leading edge (references 1 and 2), 
it was found that the original circular-arc contour aileron gave very low 
effectiveness in the transonic— speed range and that the effectiveness 
reversed for some conditions. While studying various ailerons to 
alleviate this condition, it was found that ailerons having flat sides 
and a thickened trailing edge improved the effectiveness and eliminated 
the reversal (references 1, 3, and 1*). 

The purpose of the present investigation of the 1*2.7° sweptback 
semispan wing model was to determine the effects of blunt trailing edges 
on aileron hinge moments and aileron flutter. Hinge moments were 
measured for three different ratios of trailing-edge to hinge-line 
thickness for a range of deflections and angles of attack through a 
Mach number range from 0.60 to 1.10. The flutter investigated is the 
tendency of the aileron to maintain steady or divergent oscillation 
about its hinge axis with only one degree of mechanical freedom and is 
referred to herein as "aileron buzz." To investigate this aileron buzz, 
the free-floating characteristics of the three ailerons were recorded 
through a Mach number range from 0.60 to 1.175* The effects of increasing 
moment of inertia were investigated on the aileron having a trailing-edge 
to hinge-line thickness ratio of 1.0. A comparison is given of the 
experimental flutter frequencies with the results computed by the empir- 
ical analysis of references 5 and 6. Aileron effectiveness parameter 
C 7 and other aerodynamic characteristics can be found for the wing- 
6 6 

aileron combinations in reference 3. 


COEFFICIENTS AND SYMBOLS 


H 


q 


aileron hinge-moment coefficient (H/q2M') 

aileron hinge moment measured about hinge line, foot-pounds 
average dynamic pressure over span of model, pounds per 


square foot 

area moment of aileron aft of hinge line about hinge line, 



b 


cubic feet 

twice span of semispan model (l ft) 


c 


local wing chord, feet 
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P 

V 

M 


M a 

S 

M, 


cr 


aileron chord aft of hinge line, feet 

spanwise distance from plane of symmetry, feet 

mass density of air, slugs per cubic foot 

average air velocity over span of model, feet per second 


effective Mach number over span of model 



average chordwise local Mach number 
local Mach number 

twice wing area of semispan model (0.25 sq ft) 

Mach number at which sonic velocity is first attained on 
section of wing at zero lift 


a angle of attack of wing relative to air stream, degrees 

6 aileron deflection measured perpendicular to hinge line 

degrees 3 

t ratio of aileron thickness at trailing edge to thickness at 

hinge line 

R Reynolds number based on mean aerodynamic chord (0.259 ft) 

included angle of aileron trailing edge, measured parallel to 
air stream, degrees 

Ch 6 - (9C h /36) a 


°h a = (9C h /aa) g 

The subscripts outside the parentheses indicate the factors held 
constant during the measurement of the parameters in the vicinity of 
6 = 0° and a = 0°, respectively. 
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MODEL AND APPARATUS 


The wing of the semispan, wing-fuselage model used for this 
investigation had a leading-edge sweepback of i;2.7°, a taper ratio 
of 0 . 50 , an aspect ratio of U.O and was made of steel with a polished 
surface. A drawing of the model is given as figure 1. The wing had a 
10-percent-thick circular-arc airfoil section normal to the 50-percent- 
chord line and was approximately 8 percent thick parallel to the air 
stream. The semispan wing was mounted as a midwing with no dihedral 
or incidence in a polished-brass fuselage that was semicircular in cross 
section and curved to conform to the bump contour (fig. l). The wing- 
fuselage combination was bolted rigidly to the bump surface at the 
desired angle of attack. 

The 20-percent-chord, 50 - percent-span, outboard ailerons were 
hinged to the wing with a hinge pin at the wing tip and a hinge rod 
passing through the wing along the 80-percent-chord line to the chamber 
within the bump. Hinge moments were measured by a calibrated beam-type 
strain gage clamped to the hinge rod within the bump. The interchange- 
able ailerons were unsealed and had ratios of trailing-edge to hinge- 
line thickness of t = 0, t = 0.5, and t = 1.0. 

The ailerons were constructed by gluing spruce to a duralumin spar 
and were mass balanced about the hinge line by a lead overhang nose 
balance. The elliptical nose was the same for all ailerons, and the 
overhang was approximately 30 percent of the aileron chord aft of the 
hinge line. The aileron system was mass balanced to prevent any coupled 
wing-aileron flutter. Balance weight was spaced along the span to 
minimize any twisting moment due to variable mass. The moment of 
inertia I of each aileron system is given in table I. The moment of 
inertia of the aileron with a thickness ratio of 1.0 was increased by 
attaching various brass disks to the hinge rod within the bump surface. 

Free-floating characteristics of the ailerons were measured by 
replacing the strain gage with a reluctance-type pickup instrument 
consisting of a small vane attached to the hinge rod which varied the 
air gap between two coils . Readings of this pickup were recorded against 
time by an oscillograph. The reading element of the oscillograph would 
measure frequencies to about 500 cycles per second. Amplitude of aileron 
motion was determined from a static calibration and no attempt was made 
to determine dynamic effects on this calibration. The aileron motion 
was unrestrained. No friction measurements were made since they were 
believed to be small and approximately the same for each aileron. 

The ailerons had a small amount of freedom in translation due to 
the plain type* of bearings used. This movement was kept to a minimum 
and checked after each run. After one set of runs, it was found that 
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the hinge play had increased due to wear. The bearings were reworked 
to decrease the freedom, and check runs showed no appreciable change in 
the frequency or amplitude of aileron motion. 


The tests were made in the Langley high-speed 7- by 10-foot tunnel 
and utilized an adaptation of the NACA wing— flow technique for obtaining 
transonic speeds. The technique used involves the mounting of a model 
in the high-velocity flow field generated over the curved surface of a 
bump located on the tunnel floor (see reference 7). 

Typical contours of local Mach number in the vicinity of the model 
location on the bump, obtained from surveys with no model in position, 
are shown in figure 2. It is seen that there is a variation of Mach 
number of about 0.07 over the model semispan at the lower Mach numbers 
and of about 0.10 at the high Mach numbers. The chordwise variation is 
generally less than 0.01. The effective Mach number over the wing 
semispan is estimated to be 0.02 higher than the effective Mach number 
where the 50-percent-span outboard ailerons are located. No attempt has 
been made to evaluate the effect of this chordwise and spanwise Mach 
number variation. The long-dashed line shown near the root of the wing 
in figure 2 indicates a local Mach number that is 5 percent below the 
maximum value and represents the extent of the bump boundary layer. 

The effective test Mach number was obtained from contour charts similar 
to those in figure 2 by use of the relationship 


The variation of Reynolds number with Mach number for average test 
conditions is presented in figure 3. Reynolds number is based on the 
wing mean aerodynamic chord (G. 259 ft). 

Hinge moments were obtained for three aileron trailing-edge- 
thickness ratios (fig. l) through a Mach number range of 0.60 to 1.10, 
an angle-of -attack range of 0° to 5°, and at various aileron deflections. 
The aileron deflection was determined from the initial setting and the 
amount the hinge rod deflected under load. This deflection was very 
large at the high aileron angles and Mach numbers (about 50 percent of 
the initial aileron deflection at the extreme test conditions). 


TESTS AND CORRECTIONS 
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Free-floating characteristics of the three ailerons were recorded 
through a Mach number range from 0.60 to 1.175 at a = 0°. Preliminary 
tests were made with the wing tip braced as shown in figure U. The tip 
brace eliminated wing bending and torsion as nearly as possible and 
allowed the aileron only one degree of mechanical freedom. Removing the 
tip brace had no appreciable effect on aileron motion, and all tests 
reported herein are with the tip unrestrained, as shown in figure 5* 


RESULTS AND DISCUSSION 
Hinge-Moment Characteristics 


The rate of change of hinge-moment coefficient with aileron 
deflection increases negatively with increasing 6 for the aileron with 
t = 0 except for a range of 6 of ±U° at M = 0.95 and M = 1.00 
(fig. 6) and decreases negatively with increasing 6 for the ailerons 
with t = 0.5 and t = 1.0 (figs. 7 and 8). Additional test data were 
obtained for the aileron with t = 1.0, as shown on figure 8, to 
determine whether or not the hinge moment reversed over a small range 
of 6 in the vicinity of 5=0° after flutter was found at subcritical 
speeds -for this aileron. The ailerons do not trim at 6 = 0° due to 
asymmetry of aileron construction. 

The rate of change of hinge-moment coefficient with angle of attack 
decreases positively with increasing a throughout the speed range for 
the aileron with t = 0 (fig. 9) and decreases negatively with 
increasing a up to M = 0.85 for the ailerons with t = 0.5 and 
t = 1.0 (figs. 10 and ll) . Above M = 0.85, the variation with a for 
the ailerons with t = 0.9 and t = 1.0 is linear except for the 
aileron with t = 0.5 from M = 0.90 to M = 1.0 where C h decreases 

positively with increasing a. No test-data points were plotted on 
figures 9, 10, and 11 since, owing to the load deflection correction, 
it was necessary to cross plot the test data to obtain values of Oft 
at 6 = 0°. 

The variation of the hinge-moment parameter (measured 

at 6 = 0°) with Mach number is given in figure 12. The values of 

for the conventional, straight-sided aileron (t ■ 0) do not vary with 
Mach number up to M = 0.87 and, for the configuration tested, is 

underbalanced. Above M = 0.87, which is the critical Mach number of 
the wing, abrupt and large variations in C h& occur with increasing 

Mach number and the aileron becomes overbalanced in the speed range 
from M = 0.92 to M = 1.02. The large positive (overbalanced) values 
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°f i n the reversal range did not extend over the entire aileron- 

deflection range but did cover a large portion of the useful operating 
range, as shown at M = 0.95 and M = 1.00 in figure 6 . The rapid 
changes, reversal, and heaviness of hinge moments for the aileron 
with t = 0 result in unsatisfactory hinge-moment characteristics at 
supercritical Mach numbers for the speed range tested. This is the 
same Mach number range where reversal and loss of aileron effectiveness 
occurred for the aileron with t = 0 (references 1 and 2). 

/ 

Increasing the trailing-edge thickness to one half the hinge-line 
thickness (aileron with t = 0 . 5 ) results in a large shift in C hs in 

a negative direction and elimates any reversal tendency at supercritical 
speeds. The values of have a relatively small negative increase 

with Mach numbers from M = 0.6 to M = 0.95. Above M = 0.95, there 
is an abrupt increase in control heaviness until supersonic Mach numbers 
are reached. This variation would result in a general increase in 
underbalanced control forces with aileron deflection throughout the 
speed range, especially above M = 0.95, but the undesirable effects of 
hinge-moment reversal would not be encountered. 

Increasing the trailing-edge thickness until it was equal to the 
thickness at the hinge line (aileron with t = 1 , 0 ) resulted in a 
further negative shift in with the same general variation of 

with Mach number as the aileron with t = 0.5. The rapid negative 
increase in Cj^ for the aileron with t = 1.0 occurred at a lower 

speed and was not as abrupt as with the aileron with t = 0 . 5 . 

The effects of Mach number on the hinge-moment parameter are 

given in figure 13. The values of Cv^ for the aileron with t = 0 

a 

were positive throughout the speed range tested and did not vary up to 
the critical speed of the wing. Above this speed rapid changes occurred. 
Increasing the trailing-edge thickness shifted C ha in a negative 

direction. The magnitude of the shift was generally larger for the 
increase of t from 0 to 0.5 than for the increase of t from 0.5 
to 1.0. The values of had the same general variation with Mach 

number for the three trailing-edge-thickness ratios tested, although 
the changes in with Mach number occur at slightly lower speeds 

for the ailerons with t = 0 .5 and t = 1 . 0 . 

This negative shift in ^h§ &nd Cj-^ with increasing t agrees 

with results obtained at M = 0.055 (reference 8 ) and at M =* 1.9 
(reference 9). Increasing the trailing-edge thickness produced 
effectively the same results on hinge moments as decreasing the 
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trailing-edge angle (reference 10). The included angle of the trailing 
edge 9, indicated on figure 1, is measured in a plane parallel to the 
air stream. The critical trailing-edge angle, as recommended in 
reference 10, appears to be in the correct order of magnitude. 


Free-Floating Characteristics 

Aileron floating angle .- Typical oscillograph records of the free- 
floating characteristics of the three ailerons through the Mach number 
range are presented in figure lU. These records are traces of aileron 
position against time at a given Mach number and from these traces 
floating angle, frequency, and amplitude of aileron motion were deter- 
mined. Due to faulty operation of the timer mechanism in the oscillo- 
graph, timer lines were not recorded on some of the records. These 
records were read by using timer lines from other records since all 
records were taken at the same film speed. The error thus introduced 
is believed to be small. 

Figure 1 5 is a plot of average floating angle against M^ch number, 
and these angles are in good agreement with the trim angles indicated 
by the static hinge moments (figs. 6, 7, and 8). Floating angle does 
not vary with Mach number until the critical speed of the wing is 
exceeded. The difference in floating angle for the three ailerons at 
a given subcritical Mach number has been attributed to model asymmetry. 
Above M cr there is a large variation in floating angle for the aileron 

with t = 0. This variation in floating angle is to be expected in the 
speed range when the hinge moments are unstable. The variation with 
time of the position of the aileron with t = 0 is very rough at sub- 
critical speeds in comparison with the blunted trailing-edge ailerons 
due to a relatively low value of C^g. 

Aileron oscillations .- A high-frequency, low-amplitude aileron 
oscillation with only one degree of freedom was encountered for all 
three ailerons. These oscillations will be referred to herein as buzz. 
It should be noted that these oscillations never developed into large- 
amplitude oscillations as has sometimes been encountered, as shown in 
references 11 and 12. Buzz was spasmodic when first encountered but as 
the speed increased it became a sustained oscillation with a range of 
aileron movement of about 2°. The Mach number at which buzz first 
occurred varied for each aileron (fig. 16). The aileron with t = 1.0 
buzzed at subcritical speeds and the ailerons with t = 0 and t = 0.5 
did not buzz until the critical speed of the wing (M cr = 0.87) had 
been exceeded. The motion of the aileron with t = 0.5 was the least 
severe. At the high test Mach numbers, above M = 1.05, all three 
ailerons experienced irregular high-amplitude oscillations - indicating 
that severe disturbing forces were present. 
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Results from tests of the aileron with t = 1.0 with increased 
moment of inertia show that the increase in moment of inertia did not 
eliminate buzz, but it did decrease the frequency (fig. 16). 

Methods for computing buzz frequency are presented in references 5 
and 6. These empirical theories predict buzz somewhere in the speed 
range from Mc r to M = 1.00. In order to compare data from the 

present investigation with these empirical theories, a Mach number in 
the predictable speed range for buzz was chosen. A comparison of the 
experimental and calculated frequencies at M = 0*95 is given in 
table II. 

In order to compute buzz frequencies from references 5 and 6 it 
was necessary to make certain basic assumptions concerning flow conditions 
around the wing, since no shadowgraph data were available. For refer- 
ence 5, the critical Mach number was taken as M = 0.87 from the drag 
data of reference 3 , and the minimum pressure point was assumed to be 
located at $0 percent of the chord. In computing buzz frequency by the 
method of reference 6, the shock wave was assumed to be located at 
70 percent of the chord after a study of the pressure-distribution data • 
of reference 13. -Due to these basic assumptions, only qualitative 
results can be expected. 


CONCLUSIONS 


Comparative tests of aileron trailing-edge-thickness modifications 
at subsonic and transonic speeds on a i|2.7° sweptback circular-arc wing 
indicated the following conclusions: 

1. Increasing the aileron trailing-edge thickness results in a 
negative shift in the aileron hinge-moment parameters Cft^ and C . 

2. The reversal of C^g at supercritical speeds was eliminated by 
increased aileron trailing-edge thickness. 

3. Buzz was least severe for the aileron having a trailing-edge 
thickness of one half the hinge-line thickness and occurred over a 
larger speed range for the aileron having a trailing-edge thickness 
equal to the thickness at the hinge line. 
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I 4 .. Buzz frequency was decreased by increasing the moment of 
inertia of the aileron. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Air Force Base, Va. 
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TABLE I 

AILERON MOMENT OF INERTIA 


Aileron thickness 
ratio, t 

I 

^lb-in. sec~^j 

0 

8.33 x lO - ? 

.5 

9.77 x 10“7 

1.0, I 2 

9.46 x io~7 

1.0, I 2 

3.25 x 10 -6 

1.0, i 3 

2.08 x 10“5 



TABLE II 

COMPARISON AT M = 0.95 OF BUZZ FREQUENCIES COMPUTED 
BY REFERENCE ANALYSES WITH EXPERIMENTAL FREQUENCIES 


Aileron thickness 
ratio, t 

Buzz frequency 
(cps) 

Experimental 

Reference 5 

Reference 6 

0 

310 

226 

290 

.5 

300(M - 1.0) 

220 

290 

1.0, I X 

310 

2U1 

290 

1.0, i 2 

125 

192 

247 

1.0, i 3 

50 

No buzz 

148 
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__ Tra ///nj - edae t h ickn ess 
~ Hinge -fine //> ickness 


Figure 1.- The 42.7° sweptback wing-fuselage model. (All dimensions 

are in inches.) 


£ 


CONFIDENTIAL NACA RM L50J06 


Vertical distance Vertical distance 

above bump, in. above bump, in. 


M« 77 90 




Boundary- layer thickness 


M= .99 M= 1.17 




Figure 2.- Typical Mach number contours over transonic bump in region 

of model location. 
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Mach number , M 



Figure 3.- Variation of average Reynolds number with Mach number. 
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Figure 5-- Photograph of the model with wing-tip brace removed. 
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M 

UO t> 

l.05o 

i.00 o 
.95 o 

.90 ^ 
85 > 

80 o 

70 □ 
60 o 

-8-4 O 4 8 /2 16 20 

Aileron deflection , < 5 , deg 

Figure 6.- Variation of hinge-moment coefficient with aileron 
deflection, a = 0°, t = 0. 
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Aileron deflection , 8, deg 

Figure 7.- Variation of hinge-moment coefficient with aileron 
deflection, a = 0°, t = 0.5* 
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.90 ^ 
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.80 o 
70 □ 

.60 o 


A Hero n deflection } 8, deg 


Figure 8.- Variation of hinge-moment coefficient with aileron 
deflection, a = 0°, t = 1.0. 
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0 2 4 6 

Angle of attack , cr, deg 


Figure 9 . Variation of hinge-moment coefficient with angle 

5=0°, t = 0 . 
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Angie of attack , cc,deg 


Figure 10..- Variation of hinge-moment coefficient with angle of attack. 

8 = 0°, t = 0.5. 
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Figure 11.- Variation of hinge-moment coefficient with angle of attack. 

5 = 0°, t = 1.0. 
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Mach number, M 


Figure 12.- Effect of Mach number on the hinge -moment parameter 
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Figure 13.- Effect of Mach number on the hinge-moment parameter . 
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(a) Wind off. 

Figure 14. - Records of aileron free-floating characteristics. 
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Figure 14.- Continued. 
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Figure 14.- Continued. 
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(d) M = 0.80. 
Figure 14.- Continued. 
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Figure lA.- Continued. 
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(f) M = 0.90. 
Figure 14.- Continued. 
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Figure 14.- Continued 
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Figure 14.- Continued 
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Figure lA.- Continued. 
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Figure 14.- Continued. 
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Figure 14.- Continued. 
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Figure 14.- Concluded. 
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Figure 15.- Variation of average floating angle with Mach number. h 

a = 0°. 
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Figure l6.- Effect of Mach number and aileron moment-of- inertia on 

buzz frequency. 
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